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Mr M e l v i n and Lerah Parker
P O Box 609
L i b b y , M o n t a n a 59923
S u b j e c t H y d r o l o g i c Review o f R a i n y Creek R e s t o r a t i o n P r o j e c t

Parker P r o p e r t y near L i b b y , M T
Dear Mr and Mrs Parker
Pursuant to your reques t , on F e b r u a r y 27, 2002, W a t e r C o n s u l t i n g , Inc c o n d u c t e d a s i t e
review o f th e Rainy Creek r e s t o r a t i o n p r o j e c t i m p l e m e n t e d in c o n j u n c t i o n w i t h th e
Environmental P r o t e c t i o n A g e n c y a n d U S Depar tmen t o f T r a n s p o r t a t i o n ( U S D O T ) T h e
pr imary o b j e c t i v e o f the f i e l d review was to ascertain the a s - bu i l t " g e o m o r p h i c
c o n d i t i o n s o f t h e p r o j e c t , i n c l u d i n g r i p - r a p s t a b i l i t y , channel b e d s t a b i l i t y , f i s h p a s s a g e
p o t e n t i a l , a n d conveyance c a p a c i t y o f t h e c on s t ruc t ed channel A d d i t i o n a l l y , W a t e r
C o n s u l t i n g , I n c ( W C I ) reviewed t h e h y d r o l o g i c a n d e n g i n e e r i n g c a l c u l a t i o n s p r e p a i e d b y
the U S D O T in s u p p o r t o f the a s-bu i l t d e s i g n Based u p o n our f i e l d review and a n a l y s i s
o f h y d r o l o g i c a n d g e o m o r p h i c d a t a c o l l e c t e d b y W C I , i t i s o u r p r o f e s s i o n a l o p i n i o n t h a t
the f o l l o w i n g i s sues need to be a d d r e s s e d at the s i t e and c o n s i d e r e d w i t h all f u t u r e work
of t h i s nature on Rainy Creek

Accuracy o f h y d r o l o g i c a n d f l o o d f l o w a n a l y s i s
Channel geometry and grade c on tro l
R i p - r a p s i z i n g a n d i n s t a l l a t i o n
C u l v e r t c a p a c i t y a n d f i s h p a s s a g e
W a t e r r i g h t s

The f o l l o w i n g sect ions d i s c u s s the se i s sues a s r e la t ed to the Rainy Creek r e s t o r a t i o n
p r o j e c t i m p l e m e n t e d on the Parker p r o p e r t y
1 0 H y d r o l o g y and F l o o d F l o w A n a l y s i s
On January 14, 2002, Mr J o h n M c G u i g g m , PE and P r o j e c t M a n a g e r for U S D O T
summarized the m e t h o d s used to size the r i p r a p As noted in his l e t t e r to Mr Parker , the
d e s ign size of the r i p r a p was c a l c u l a t e d u s i n g the creek geometry and a f l o w rate of 90
cubic f e e t p e r second, which c o n s e r v a t i v e l y assumes t h e c u l v e r t f l o w i n g f u l l A s part o f
o u r review o f t h i s p r o j e c t , W C I c o n d u c t e d a h y d r o l o g y a n d f l o o d f l o w a n a l y s i s t o
d e t e rmine the f l o o d series i n c l u d i n g the Q 2 Qm, C h s , Qso and Q i o o event s Omang
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( 1 9 9 2 ) d e v e l o p e d regression e q u a t i o n s f o r M o n t a n a u s i n g t h e p eak f l o w - g a g i n g n e t w o i k
The e q u a t i o n s are based on area w e i g h t e d mean annual p r e c i p i t a t i o n and bas in size
Rainy Creek l i e s w i t h i n th e west r eg ion The e q u a t i o n s a p p l i e d t o Rainy Creek d i e a s
f o l l o w s
T a b l e 1 R e s u l t s o f U S G S Regional E q u a t i o n s , R a i n y Creek

Q 2Q i oQ 2 5Q 5oQ l O O

= 0 0 4 2 A u y " P " t v

= 0 2 3 4 A 0 9 0 P 1 2 5

= 0 3 7 9 A 0 8 7 P 1 1 9

= 0 4 9 6 A 0 8 6 P 1 1 7

= 0 6 1 5 A 0 8 5 P 1 1 5

= 97 cfs
= 214 cf s
= 258 cfs
= 306 cfs
= 344 cfs

Based on the r e s u l t s o f the USGS r e g i o n a l e q u a t i o n s , i t a p p e a r s a s t h o u g h the r i p r a p
g r a d a t i o n and channel geometry was d e t e r m i n e d for l e s s t han the two-year recurrence
in t e rva l d i s c h a r g e (see T a b l e 1 ) A s de s c r i b ed i n t h e f o l l o w i n g s e c t i o n s , c o n s i d e r a t i o n o f
f l o w s greater than 90 c f s i s i n t e g r a l t o p r o p e r d e s i g n o f t h i s p r o j e c t f or several reasons
n a m e l y r i p - r a p s i z i n g , v e r t i c a l b e d s t a b i l i t y a n d f l o o d w a t e r conveyance
2 0 C h a n n e l G e o m e t r y and L o n g i t u d i n a l P r o f i l e

2 1 Channe l Geome try
W C I c o l l e c t e d cros s- sec t ional d a t a f r o m a r e p r e s e n t a t i v e n f f l e c ro s s - s e c t i on o n t h e Parker
p r o p e r t y t o e v a l u a t e a s - b u i l t channel d e s i g n d i m e n s i o n s A d d i t i o n a l l y d a t a w a s c o l l e c t e d
f r o m a r e f e r enc e reach l o c a t e d up s tr eam o f H i g h w a y 56 The r e f e r enc e reach d i s p l a y e d
s i m i l a r v a l l e y , s l o p e and channel c h a r a c t e r i s t i c s a s the Parkei s e c t i on o f Rainy Cre ek
prior to r e s t o ra t i on , and as such, can serve as a c o m p a r a t i v e t o o l for e v a l u a t i n g as b u i l t
channel d i m e n s i o n s on the Parker p r o p e r t y (see T a b l e 2) As b u i l t and r e f e r e n c e channe l
cro s s- s e c t ions are i n c l u d e d as an a p p e n d i x to t h i s report

T a b l e 2
A s - B u i l t Channel Dimens i on s v s Ref e r enc e Reach C o n d i t i o n s

_________Rainy Creek near L i b b y , MT_________
C r o s s - S e c t i o n ID B a n k f u l l C h a n n e l D i m e n s i o n

A s - B u i l t on Parker
P r o p e r t y
Referenc e Reach
U p s t r e a m Hwy 56

W i d t h
( f t )

9 8 2

1 3 4

Mean D e p t h F l o w A r e a Entrenchment
( f t ) ( f t 2 ) R a t i o

1 34

1 70

1 3 2

2 3 3

1 83

3 8

. S w i f H U s R f V ^ -3S •*?&. m£.mJ,3?" W A T E I T C O N S U L T I N G ?



Channel d e s i g n i s based on s i z i n g the a c t i v e channel to the b a n k f u l l f l o w c o n d i t i o n s
( a p p r o x i m a t e 2 0 year recurrence interval d i s c h a r g e ) and p r o v i d i n g an a d e q u a t e
f l o o d p l a m t o accommodate f l o o d event s , i n c l u d i n g t h e 100-year d i s c h a r g e ( R o s g e n a n d
S i l v e y , 1996 and L e o p o l d e t a l 1964) M o s t channel d i m e n s i o n s i n c l u d i n g w i d t h and
d e p t h , a r e r e l a t e d t o t h e b a n k f u l l d i s c h a r g e I t i s e v i d e n t f r o m f i e l d measurement t h a t t h e
a s - b u i l t cross s e c t i on d e s i g n on th e Parker p r o p e r t y d e v i a t e s f r o m th e r e f e r e n c e
d i m e n s i o n s I n p a r t i c u l a r , t h e c o n s t r u c t e d b a n k f u l l c i o s s - s c c t i o n a l area i s a p p i o x i m a t c l y
43% l e s s than the r e f e r enc e reach T h i s l i k e l y r e s u l t e d f r o m encroachment on the
channel f r o m r i p r a p revetment A d d i t i o n a l l y , t h e w i d t h a n d c r o s s - s e c t i o n a l area o f t h e
f l o o d p l a m i s a p p r e c i a b l y l ower than necessary f o r t h i s t y p e o f s tream a n d f l o o d s er i e s

2 2 L o n g i t u d i n a l P r o f i l e
In t h e p r o j e c t area, average a s - b u i l t channel s l o p e i s a p p r o x i m a t e l y 7 3% ( 0 7 3 f t / f t)
G e n e r a l l y , when t h e average s l o p e o f t h e channel e x c e e d s f o u r p e r c e n t , b c d f o r m p r o f i l e
t r a n s i t i o n s f r o m a r i f f l e - p o o l d o m i n a t e d channel t o a s t e p - p o o l channel In s t e p - p o o l
sy s t ems such as the Rainy Creek r e s t o r a t i o n p r o j e c t area s t e p f r e q u e n c y i s d i r e c t l y
p r o p o r t i o n a l t o channel w i d t h a n d i n d i r e c t l y p r o p o r t i o n a l t o s l o p e A s s l o p e increase s , t h e
s p a c i n g between s t e p s and p o o l s decrease s S t e p s and p o o l s ar e t h e p r i m a r y g r a d e
control and energy d i s s i p a t i o n mechanism in the se t y p e s o f s t i e a m s and arc v i t a l to the
vert i ca l s t a b i l i t y o f t h e channel
W C I c o l l e c t e d l o n g i t u d i n a l p r o f i l e i n f o r m a t i o n f r o m both t h e p r o j e c t area a n d t h e
r e f e r e n c e reach l o c a t e d u p s t r e a m o f H i g h w a y 5 6 (see a p p e n d i x i t e m s ) A s p r e v i o u s l y
n o t e d , t h e r e f e r e n c e reach d i s p l a y e d s i m i l a r v a l l e y s l o p e , a n d channel c h a r a c t e r i s t i c s a s
the Parker p r o p e r t y p r i o r to r e s t o r a t i o n As such, the reach can serve as a c o m p a i a t i v e
tool f o r e v a l u a t i n g a s - b u i l t channel d i m e n s i o n s o f t h e r e s t o r a t i o n p i o j e c t I n t h e t e f e i e n c c
reach, s t e p s a n d p o o l s , w i t h a n average s p a c i n g o f 1 2 - f t , d o m i n a t e d t h e b e d f o r m p r o f i l e
The ra t i o o f s t e p s to b a n k f u l l channel w i d t h ranged f r o m 1 0-1 3, which i s t y p i c a l fo i
t h e s e t y p e s o f s treams W i t h i n the Parker r e s t o r a t i o n reach, and a s d i s p l a y e d in the
at tached l o n g i t u d i n a l p r o f i l e , the channel was d o m i n a t e d by a homogenous e x t e n d e d
h i g h g r a d i e n t r i f f l e T h e reach la ck ed s t e p s a n d p o o l s which f u n c t i o n n a t u r a l l y t o
d i s s i p a t e energy in the sys tem and reduce boundary shear s tre s s d u r i n g h i g h f l o w s
It i s ev id en t f r o m the a n a l y s i s of a s - b u i l t channel cro s s- s ec t ion d i m e n s i o n s and bed
p r o f i l e that the channel , as c on s t ruc t ed , is under s i z ed in terms of c a p a c i t y and l a c k s the
p r o p e r b e d f o r m f ea tur e s common for these t y p e s o f s treams and g eomorph i c s e t t i n g It i s
our p r o f e s s i o n a l o p i n i o n that i f main ta ined in i t s current c o n f i g u r a t i o n , t h e p o t e n t i a l f o r
channel d e g r a d a t i o n (down c u t t i n g ) i s l i k e l y I f t h i s were t o occur t h e bank p l a c e d r i p r a p
revetment would be h i g h l y s u s c e p t i b l e to scour and en tramment WCI r e commends
e x p a n d i n g the cro s s- s ec t ional f l o w area and i n s t a l l i n g grade c o n t r o l weirs to m a i n t a i n bed
s t a b i l i t y and the s ed iment t ranspor t c o m p e t e n c y of the p r o j e c t area (sec S e c t i o n 6 0
C o n c l u s i o n and R e c o m m e n d a t i o n s )



3 0 R i p - R a p S i z i n g and I n s t a l l a t i o n
A s s t a t e d i n M r J o h n M c G u i g g i n s l e t t e r t o M r Parker d a t e d J a n u a r y 1 4 2002, t h e s i z e
of the r i p - r a p was c a l c u l a t e d u s i n g the creek g e o m e t r y and a f l o w rate o f 90 cub i c f e e t pc i
s e cond, which c o n s e r v a t i v e l y assumes t h e c u l v e r t f l o w i n g f u l l
W C I c o m p l e t e d a s y s t e m a t i c s a m p l i n g o f t h e bank p l a c e d r i p r a p r eve tment t o d e t e r m i n e
t h e p a r t i c l e size d i s t r i b u t i o n o f th e north bank and s ou th bank (as b u i l t ) T a b l e 3
summarize s the r e s u l t s o f the s a m p l i n g S e d i m e n t d i s t r i b u t i o n curves are a t t a c h e d as an
a p p e n d i x t o t h i s report

T a b l e 3
A s - B u i l t R i p - R a p G r a d a t i o n

N o r t h and S o u t h Banks, Rainy Creek
P a r t i c l e S i z e

D, 5D 3 5D 3 0D 8 4D 9 3

N o r t h Bank ( m m )
199
281

3 3 1 ( 1 1 f t )
468
609

S o u t h Bank ( m m )
129
156

1 80 ( 5 9 - f t )
296
354

R e f e r r i n g t o t h e MDOT S t a n d a r d S p e c i f i c a t i o n s f o r Road and B r i d g e C o n s t r u c t i o n , 1995
e d i t i o n , the D 5 o o f MDOT C l a s s II r i p r a p i s 1 32 f t or 16-mches As e v i d e n t f r o m T a b l e
3, the median size of r i p r a p p l a c e d on bo th bank is l e s s than the r e c ommended s ize of
1 3 2 - f t Based on H E C - 1 1 G u i d e l i n e s f or R i p r a p S i z i n g , the south bank g r a d a t i o n w i l l b e
s u s c e p t i b l e to scour at f l o w s greater than the 10-year recurrence i n t e r v a l d i s c h a r g e ( 2 1 4
c f s )
In terms of k e y i n g of the r i p r a p , i t i s l i k e l y that the toe rock was not i n s t a l l e d d e e p
enough into the channel bed to res i s t scour If grade c o n t r o l s had been i n c o r p o r a t e d in the
p r o j e c t , i t i s p o s s i b l e that t h e e x i s t i n g r i p r a p d e p t h would have been adequa t e H o w e v e i ,
given the f a c t that the channel i s u n d e r s i z e d and la ck s grade contro l (see d i s c u s s i o n under
S e c t i o n 2 0) i t i s l i k e l y that t h e p o t e n t i a l f o r f a i l u r e a t t h e t o e s l o p e i s l i k e l y d u r i n g h i g h
f l o w event s E x c a v a t i o n o f several o b s e r v a t i o n p i t s i s r e commended t o d e t e r m i n e t h e a s -
b u i l t d e p t h o f t h e n p i a p t o e
4 0 Culver t C a p a c i t y and F i s h Passage
The p r o j e c t i n c l u d e d i n s t a l l a t i o n o f a 48-inch corrugated metal p i p e Based on the f l o o d
series summarized in S e c t i o n 1 0, the cu lver t is under s i z ed and l i k e l y serves as a f i s h
p a s s a g e barrier d u r i n g moderate and h igher d i s c h a r g e s T a b l e 4 summarizes the r e s u l t s
o f culvert h y d r a u l i c s f o r d i s c h a r g e s rang ing f r om 50 0 c f s t o 120 0 c f s ( fu l l c a p a c i t y w i t h
3 - f t h e a d w a l l at i n l e t )

" W A T E R f c O N S U L T I N G , I N C



T a b l e 4
S u m m a r y o f C u l v e r t H y d r a u l i c s

F l o w Rate
( c f s )

50
60
70
80
90
100
110
120

H e a d w a t e r
E l e v a t i o n *

649
694
7 3 9
783
8 3 5
883
9 5 4
1 0 2 9

O u t l e t V e l o c i t y ( f / s )
1 3 7 2
1443
1 5 0 5
1 5 6 0
1 6 0 9
1 6 5 3
1 6 9 3
1 7 2 9

*assumes i n l e t invert e l e v a t i o n o f 3 2 8 5 - f t
The max imum c a p a c i t y o f th e c u l v e r t , w i t h a c a l c u l a t e d h e a d w a l l o f 3 0 - f t a t th e i n l e t , i s
120 cf s T h r e e f e e t was d e t e r m i n e d to be the max imum a c c e p t a b l e head at the i n l e t
w i t h o u t j e o p a r d i z i n g th e s t a b i l i t y o f t h e road f i l l o r o v e r t o p p i n g o f t h e road p r i s m A
f l o w rate o f 120 c f s i s l e s s than the e s t i m a t e d 10-year recurrence in t erva l d i s c h a r g e As
such, a t d i s c h a r g e s greater than 1 2 0 - c f s , f l o w w i l l cause s i g n i f i c a n t backwater d e p o s i t i o n
o f s ed iment a n d l i k e l y threa t en t h e s t ru c tura l i n t e g r i t y o f t h e road f i l l Backwat e i
d e p o s i t i o n w o u l d l i k e l y i n i t i a t e a series o f i n channel a d j u s t m e n t s i n c l u d i n g l a t e i a l
channel erosion and r i p r a p f a i l u r e
A d d i t i o n a l l y , t h e o u t l e t v e l o c i t i e s l i k e l y serve a s a v e l o c i t y bamei t o trout m i g r a t i n g f r o m
t h e K o o t e n a i River t o t h e u p p e r reaches o f Rainy Creek W h i l e a d e t a i l e d f i s h p a s s a g e
a n a l y s i s wa s no t c o m p l e t e d a t t h i s t i m e , a more t h o r o u g h a n a l y s i s u s i n g FishXING i s
recommended T a b l e 5 summarizes s w i m m i n g c a p a b i l i t i e s o f various f i s h s p e c i e s
i n c l u d i n g brown t r o u t , rainbow t r o u t , and rainbow cu t throa t t rou t x w c s t s l o p e c u t t h r o a t
h y b r i d s A s e v i d e n t o u t l e t v e l o c i t i e s exceed t h e s w i m m i n g s p e e d s o f a l l s p e c i e s i n c l u d e d
m T a b l e 5

T a b l e 5
R e l a t i v e S w i m m i n g S p e e d s ( f t / s ) o f

Average S i z e A d u l t F i s h
S p e c i e
T r o u t
Brown T r o u t
R C T x W C T 4

R C T 4

M a x i m u m S p e e d
11 48 '
12 83

1 2 5
1 2 5

C r u i s i n g
S p e e d
0-2 O2

0-23
-

S u s t a i n e d
S p e e d

2 0-6 62

23-6 1
-

Burst
S p e e d

6 6-13 5 2

6 1 - 1 2 8
1 2 5
1 2 5

D e m l ( 1 9 3 8 )
2 B e l l ( 1 9 7 3 )
3 K i e i t m a n n ( l 9 3 3 )4 Reg ion 1 M F W P P e r s o n a l C o r r e s p o n d e n c e w i t h W C I ( 2 0 0 1 )



It i s a l s o e v i d e n t tha t t h e o u t l e t o f t h e H i g h w a y 56 CMP i s f u n c t i o n i n g a s a f i s h p a s s a g e
barrier W h i l e a more t h o r o u g h f i s h p a s s a g e a n a l y s i s i s r e commended t h e e x i s t i n g
channel c o n f i g u r a t i o n could be m o d i f i e d i n t o a series of s t e p - p o o l s t ruc ture s to p r o v i d e
f i s h p a s s a g e a n d energy d i s s i p a t i o n
5 0 W a t e r R i g h t s
C u r r e n t l y , t h e p o i n t o f d i v e r s i o n ( P O D ) p r e v i o u s l y l o c a t e d a t t h e o u t l e t o f t h e H i g h w a y
56 CMP is unusab l e Prior to r e s t o ra t i on a c t i v i t i e s , a s m a l l poo l e x i s t e d at the o u t l e t t ha t
p r o v i d e d a s t i l l i n g bas in f or an i n t a k e s t ru c tur e a t t a c h e d t o a 2HP p u m p ( p e i s o n a l
c orr e spondence w i th M e l v i n P a r k e r ) C u r r e n t l y , d u e t o t h e e x c e s s iv e d r o p a t t h e o u t l e t
and lack o f p o o l , in take f r o m t h i s s e c t i on o f t h e s tream i s no t f e a s i b l e It w i l l b e
necessary to m o d i f y the e x i s t i n g channel c o n f i g u r a t i o n at the o u t l e t or r e l o c a t e the POD
to a s u i t a b l e l o c a t i o n downs t r eam
6 0 C o n c l u s i o n and R e c o m m e n d a t i o n s
Based on WCI s review o f the R a i n y Creek R e s t o r a t i o n P r o j e c t , i t i s our p r o f e s s i o n a l
o p i n i o n t h a t several m o d i f i c a t i o n s t o t h e e x i s t i n g p r o j e c t a r e needed t o ensure t h e p r o j e c t
m a i n t a i n s channel s t a b i l i t y , water q u a l i t y , a n d i t s d e s i g n a t e d b e n e f i c i a l uses I n
summary, WCI recommends the f o l l o w i n g a c t i o n s be c o n s i d e r e d by the US DOT and
EPA

4 P e r f o r m a more d e t a i l e d h y d r o l o g i c a n a l y s i s o f the p r o j e c t area to d e t e r m i n e
a p p r o p r i a t e d e s i g n d i m e n s i o n s a n d t h e l o c a t i o n s o f p r o p o s e d m o d i f i c a t i o n s ,

4 I n s t a l l grade contro l s t r u c t u r e s ( s t e p w e i r s ) t o p i o v i d c f o r energy d i s s i p a t i o n a n d
s ed iment t r a n s p o r t ,

4 M o d i f y s e c t i on s (where n e e d e d ) o f th e a s - b u i l t channel t o increase b a n k f u l l cross-
s e c t i o n a l area,

4 E x p a n d the f l o o d p r o n e w i d t h (where n e e d e d ) t o increase f l o o d w a t e r conveyanceThis may be achieved by m o d i f y i n g the cross s e c t i o n d i m e n s i o n s in p l a c e s t oa l l o w f o r c o n s t r u c t i o n o f a narrow b a n k f u l l f l o o d p l a m w i t h i n t h e e x i s t i n g n p -
r a p / g e o t e x t i l e banks,

4 Excavate several e x cava t i on p i t s t o d e t e r m i n e the d e p t h o f th e r ip rap toe,
4 Remove s m a l l e r size c la s s r ip-rap and add l a r g e r a n g u l a r rock s ized to MOOT

C l a s s II s t a n d a r d s on bo th the north and s ou th banks,
4 I n s t a l l v e l o c i t y b a f f l e s i n t h e e x i s t i n g culvert t o p r o v i d e f o r f i s h p a s s a g e a n d

consider i n s t a l l a t i o n o f f l o o d p l a m r e l i e f cu lver t s t o increase the cros s ing c a p a c i t y ,
4 F o l l o w i n g these m o d i f i c a t i o n s , i m p l e m e n t a r igorous r e v e g e t a t i o n e f f o r t t o

i n c l u d e native shrub and overstory s p e c i e s
Prior to i n i t i a t i n g any f u r t h e r work on Rainy Creek, i n c l u d i n g the r e v e g e t a t i o n
component o f th e p r o j e c t , WCI recommends that USDOT and the EPA c o n s i d e r the s e
m o d i f i c a t i o n s t o t h e e x i s t i n g p r o j e c t area T h e p u r p o s e o f t h i s l e t t e r report i s t o h i g h l i g h t
t h e i s sues and concerns that w i l l a f f e c t t h e s t a b i l i t y and f u n c t i o n o f Rainy Creek f r o m
H i g h w a y 56 downs tr eam to the c o n f l u e n c e w i t h the K o o t e n a i Rivei We u n d e r s t a n d t h a t

A T E R r f C O N S U E T I N G i , I N C



some o f t h e c o n c e p t s d i s c u s s e d i n t h i s l e t t e r m a y require a d d i t i o n a l e x p l a n a t i o n a n d / o r
d i s c u s s i o n As such, WCI wou ld we l come th e o p p o r t u n i t y t o meet w i t h r e p r e s e n t a t i v e s
of U S D O T and the EPA to d i s c u s s th e s e i s sue s in greater d e t a i l
W C I a p p r e c i a t e s t h e o p p o r t u n i t y t o a s s i s t y o u w i t h t h i s i m p o r t a n t p r o j e c t T f w e m a y b e
of f u r t h e r a s s i s t a n c e to you or the EPA and USDOT, p l e a s e f e e l f r e e to c on tac t us at your
convenience
S i n c e r e l y ,
W a t e r C o n s u l t i n g , I n c

J o h n M M u h l f e l d
H y d r o l o g i s t

M a t t D a n i e l s PE
C i v i l E n g i n e e r

C c K i r k S u l l i v a n , M R C S
Paul Peronard, EPA
M i k e H e n s l e r , M T F W P
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Rainy Creek T y p i c a l A s - B u i l t L o n g i t u d i n a l P r o f i l e
M e l v m and Lerah Parker P r o p e r t y

( n o t e l a c k o f s t e p s a n d p o o l s a n d r i f f l e e x t e n s i o n )

2125 H i g h w a y 56
52

C M P O u t l e t
2120 -

2 1 1 5inEra
E 211034-i(0Q

P o t e n t i a l F i s h
Pas sage Barrier and

Parker water r i g h t
P o i n t o f Diver s i on

2105 --

2100 --

2095
10 40 90 140 190

S t a t i o n ( f t )
240 290 340

• T h a l w e g C L - •* - W a t e r S u r f a c e G r o u n d S u r f a c e • L i n e a r ( G r o u n d S u r f a c e ) |



Rainy Creek Ref er enc e L o n g i t u d i n a l P r o f i l e
N o t e U n d u l a t i n g S t e p Pool B e d P r o f i l e

( S t e p F r e q u e n c y - 1 5 x B a n k f u l l C h a n n e l W i d t h )

87

86
10 20 30 40

S t a t i o n ( f t )
50 60 70

• T h a l w e g C L - - A - W a t e r S u r f a c e • B a n k f u l l • L i n e a r ( B a n k f u l l )



H y d r a u l i c A n a l y s i s o f Rainy Creek R e s t o r a t i o n P r o j e c t D i s c h a r g e = 97 CFS (Q2 0)
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H y d r a u l i c A n a l y s i s o f Rainy Creek Res torat ion P r o j e c t D i s c h a r g e = 383 CFS ( Q 1 0 0 )
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C h a n n e l Geometry of Rainy Creek Reference Reach, U p s t r e a m of Hwy 56
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